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(71) We, CONTINENTAL OIL 
COMPANY, of 1000 Soudi Pine Street^ 
Ponca City, Oklahoma, United States of 
America, a corpomtioa of the State of Dela- 
ware, United States of America, do hereby 
dedaie the invention, for which we pray diat 
a patent may be granted to us, and the mediod 
by which it is to be performed, to be partico- 
luly described in and by the f dlowing state- 
ment:^ 

This invention relates to sqmcation of the 
phases of dispersions of liquid petroleum hy- 
drocarbons and water. 

Separation of ^ phases of dispersions of 
water and liquid petrdeum hydrooubons is 
of major importance to industry in the pre^ 
vention of pollution of die environment and 
in the coiKervaticm ctf natural resources. Ex- 
emplary ot a few of die applications are die 
following: in oil fields, waste waters must 
have h3^drocarb(n]s removed therefrom i»ior 
to surface release; brine or fredk water in- 
iecdon fluid should have hydrocarbcms re- 
moved therefrom prior to use in waterflood 
operaticms; hydrocatbons should be recovered 
from brine waste water prior, to diqxisal in 
imderground formations in order to conserve 
valuaMe hydrocaibcm resources; waste water 
streams from off^ore i^tforms should have 
hydrocarbons removed dierefrom before dis- 
posaL Streams emplcq^ in and released 
from refineries should or must have liquid 
petroleum hydrocaibons removed therefrom. 
In heavy inihistry, removal of oil from waste 
waters of aluminum roUing the re- 

damation of cutting oils, and die removal 
of oil from brine prior to mineral letovciy 
are important applications. Particulariy imr 
ponant applications are evident in iwi|rt|w ^ 
operations wherein^ oil should be removed 
from tanker ballast dtscharge waters; oib 
^Kmld be recovered from bilgie pun^> dis- 
charge waters, and <»k should be removed 
from the sq)araced water discharge from ofl 
spill skimming devices. Mai^ other qjplica- 
ticffls are evident to those ddlled in the ar^ 

IF- ^ 



and any process vUdi improves die recoveiy 
of liquid petraieum hydrocaxbcms fma dis- 
pernons of such hydrocaibons in water is of 
major importaiKe to industiy and titt pcfpa- 
latiott as a whd& in the prevention of environ- 
mental pollution and in the conservation of 
natural resources. 

The sq>aratioQ of liquid petroleum hydro- 
carbons from water wherein the di^eision is 
of water in the hydrocaxbon is also ci major 
importance. In particdar, the removal <^ dis- 
persions of water in fuels is inqxntant to pre^ 
vent idng during cdd weather (^>eration. 

Msasy processes have been devdopttl to 
separate the idiases of dispersions of liquid 
pmdeum i^orocaibcHis and water. However, 
a major proUem still exists and particulazly 
in die removal of low c on centr a tions of by- 
drocarbons which axe dispersed in water. It 
is believed that this invention constkutes a 
s^nificant breakdiroi^ in the effective and 
economical separation of the phases of dis- 
pessifms gI l^dd petndeom hydrocaibons and 



It is an object of the invention is to wpRinHff 
the phases of dispenioQs of water and liquid 
petroleum hydrocarbons using coalescence. 

This invention relates to separating the 
phases of a dispersion of an aqueous liquid 
and a liquid petroleum hydrocarbon vt^ich 
comprises passing die dispersion dirougb a 
peimeable, flexible foam of pdyurethane 
which has been saturated with liquid petro- 
leum hydrocarbon to coalesce the dispersed 
phase. 

According to this inventioi^ there is pro- 
vided a process for separating die phases of 
a diqiersion conqyrised of water and a liquid 
petrdeum hydrocarbon wherein die prxcss . 
com|»ises pasang die dispersion widiout pre- 
vious coalescence throu^ a coalescing ma- 
terial constimted by a layer of a permeable* 
flexilde foam of pdyurethane viduch has pre- 
viously been saturated with liquid petrdeum 
faydrocazboi^ at a rate of flow suffic&ndy low 
to effect a coalescence of die diqwtsed phas^ 
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and at a pressure sufficient to substantially 
maintain tiie liquid petroleum hydiocaibon 
of the dispersion in die liquid states pomit- 
ting the thus coalesced dispersion to separate 
5 into a Uquid petrdeum hydrocaibon layer Bad 
a water layer, and withdrawing the sqpaxate 
layers. 

The invention has particular application to 
the case where the dispersion is a dispersion 
10 o£ a. liquid petroleum hydrocaibon in water 
wherein the Uquid petroleum hydrocaibon dis- 
persed phase comprises a trace to (me part by 
weight of liquid petroleum hydrocarbon per 
100 parts of water and wherein a flow rate 
15 of 50 to 1000 barrels of diq)ersion per square 
foot of foam area per day is emi^oyed. The 
liquid petroleum l^drocarbon can be a crade 
dl vdierein the di^>ersion contains 50 to 350 
p.pjn crude oil and wherein the depth (tf 
20 pdLyurediane foam layer is 3J^ to 12 indies. 
Diq>ersions comprise of water and a 
liquid petroleum hydrocarbon wfaidi can be 
separated accordmg to the process of this in- 
vention can be either dispersions of liquid 
25 petn^eum hydrocarbons in water or disjpeiy 
sions of water in such hj^drocarbons. 

The term liquid petroteum l^dxocarboD as 
eniployed in this appUcatiop indodes any 
petxoleinn hydrocarbon which is a liquid at a 
30 temperature at whidi water or an aqneoos 
metallic salt solndoo can exist in a liquid 
phase» and whidi is substantially insduhle in 
water or an aqueous salt sdution. By substan- 
tially insoluUe is meant that the solubiliQr is 
35 less than 1 pan by wei^ of material per 100 
parts by weig|xt of water or aqueous metallic 
salt sdutiott. 

Preferably, die liquid petrdeum Iqdrocar- 
bon is a liquid at a temperature in the range 
40 of 0 to 100" C Esampl^ of Uquid petrdeum 
hydrocarbons indude natural petroleum pro- 
ducts, distillates or fractions thereof, and re- 
fined or syndiesized products which can be 
derived frcnn petroleum such as various crude 
45 oiiSy kerosineS) petrols^ naphdia^ recyde oils, 
fuel oUs, benzene, tduene, hexanb, bunker 
oils and lubricating qQsl The process of the 
invention is piesendy believed to be particu- 
larly applic^le to removing disperskms of 
50 . crude (nl from prodiKtion watEis: 

The water phase of dispersicms wbith are 
separated aoconUng to the prooess of the in- 
vention can be pure water or can be an 
aqueous soluticm having a soluble metal salt 
55 dfasolved theidn. ^camples of some common 
metal sahs v^ch are dissolved m water to 
foon aqueous liquids or solutions and which 
are commonly encountered include sodium 
chloride, sodium bromide, magiesium cfalor- 
bO ide, caldum chloride and sodium sulfate. 
Often, such aqueous liquids are derived from 
natural subterranean brines or from surface 
waters. There is no limit to the amnnqt of 
metaUic salt which such aqueous sdutions 
65 contain dissolved therein except the solubility 



of the particular metallic salts. Usually such 
aqueous solutions do not contain over 25 
percent by weight of metaUic. salts. . 

The permeable, flexible polyurethane foam 
which is employed according to the process 70 
of this invention has a penneabih'Qr to water 
sufBdent to allow a practical rate of flow 
therethrougji. What constitutes a practical 
rate of flow is determined by the economics of 
each particular situation. 75 

The polyurethane foam can be any open- 
cdled polyurediane foam. Polyureihanes, 
Chemistry and Technology, J. H. Saunders 
and K. C Frisdi, Volumes I and H, Inter- 
sdence (1963) and (1964), as weU as Kirk 80 
Othmer, Encyclopedia of Chemical Techmdo- 
gy, 2nd Edition, Volume 9, p 853—5 (1966), 
provide description of many suitable materials 
and means for prepariog them. Permeable 
polyurediane foams having a density of 0.8 85 
to 7.5 pounds per cubic foot are presendy 
particularly prefened. The polyurethane foam 
can have a preponderance of either ether 
linkages or ester linkages or a mixture diereof . 
Presendy, pdyurediane foam having a pr&- 90 
ponderance of ether linkages is particulariy 
preferred. Sudh pdyurediane foams are wide- 
ly available as items of oommeice and can 
be obtained from aiiy of a number of sap- 
pliets. 95 

The process of this inventicm is particulariy 
apph'cable for coalescing liquid petroleum 
hydrocarbons from diversions of liquid 
petroleum hydrocarbons in water (or brine), 
idlest satisfactory results are often obtained 100 
wbm sodi dispersions have in the range of a 
trace to 1 part by wei|^ of liquid pemdeum 
hydrocaibcHX per 100 (mrts by weight of water 
or aqueous solution, but dispersions having 
more than 1 part per 100 can also be satis- 105 
factorily sqsarated Indeed, the process of 
die invention is apf^cat^e for coalescing a 
dispersion comprising water and a liquid 
petroleum hydrocaibon ixiierein the liquid 
petroleum hydrocarbon comprises ai^ msolo- 110 
ble portion ot the dispersion. 

According to this invention, the polyur- 
ediane foam throu^ which the di^iersion is 
passed must have become so saturated with 
liquid petroleum hydrocarbon under the par- 
ticidar flowing conditions employed that co- 
alescence occurs in the process. This critical 
feature of the present invention is a major 
factor in distinguishing it irran the prior art 
of which British 1,210^67 and U.S. 120 
3,617,551 are enmplarir. Heretofore^ it has 
been dhdosed that dispersions of water and 
deqphilic liqm'd have hoen passed dirough a 
material such as pdyurethane foam, but it has 
not been disdosed diat such foam has ever 125 
readied the point of coalescing die oleophilic 
liquid. Instead, prior to reaching that pointy 
the material sndi as pc^yurediane foam has 
been subjected to a squeezing step to remove 
the depphilic hquid. The present invention 130 
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provides a tvemendoiis in^rovement over 
sucb prior art methods in that the squeezing 
step is eltminaipd with ooinsequeiit elimmati on 
of eipensdve and bieak-down prone median!* 
5 cal contrivances to accomplish that stq>. A 
totaUy new, advantageous and imemectBd 
. lesolt is effected. 

According to a presently pnefcned mode of 
operation, tonpeiatures of 0— 100** C are 

10 employed. However^ the only xequiiement 
. widi regard to tempemture is that both pet- 
roleum hydrocarbon and aqueous liquid be in 
the liquid state. Pressures near atmosjAeric 
are pief erred because of convenienoB, thou^ 

15 higher or lower pressures can be em|doyed if 
desired. If gases arc dissohed in the hydrt>- 
cari>cHi and/or aqueous idrnse;, pressure suf- 
ficient to maintain die gases in sohitioQ is 
preferred. A rate of flow of 50 to 1000 bar- 

20 rels of dispeision per square foot of foam 
layCT per day is presendy pref med for most 
san^actoiy results. However^ higher or lower 
rates of flow can be enq)loyed if desired. 
According to one presently pardcuiaiiy me- 

25 ferred mode of operation, die process of the 
preseat invention is en^ilpyed to separate the 
{biases of a dispersion of a liquid petcoleom 
liydrooxban (eq. crude oil) in water» said 
^sjpem m being the aqneoos efOneitt 6om a 

50 oonvenricmal API (!«. Ameskan Fetndeum 
Institate) sepazator, vtadn die effluent is 
poli^ to a veiy low levd of hydrocarboo 
m water. 

According to one presenify prefened mode 

35 of operation, a bed of penneaUe, flexibly 
pdymediane foam is sitaated so as to fill a 
vessel A disperrioa con^risiiig a liquid pet- 
rdeim hydrocaifoon in water (or aqueous 
sdutioo) is passed i^vroxdly through die bed. 

40 UpoD saturatioii of die pdyurediane foam» 
Ae hydzocaib^ dii^ieised phase is coalesced 
mto droplets which then, if less doise dian the 
aqueous liquid, rise to die top of a liquid 
roervdr situated above die pdymwhane foam 

45 oed- Thereupon, the hydrocarbon forms a 
l^er Situated above tte aqueous lay^ if die 
hydrocaibcm liquid is less deme dian the 
aqroous layer. Most liquid petroleum hydro- 
carbons are less dense dian water. Portions 

50 me hydrocaibcm layer and die aquoms 
liquid layer are contiinnalfy drawn rff, dnis 
effecting sq>arati(Mi. 

Thougji a continuous flow upward timiugh 
a pdyurethane foam constitutes rae presendy 

55 preferred mode of operation, die inventiwi is 
n ot so l imited. The flow of di^iot^oa can be., 
downward through a foam layer <»* can be 
m a horizontal directiim. The foam can be 
employed as a wt^^mi^ around a feed pipe 

60 to ^ diqjersion, die pipe having orificS 
mroug^t die regicm in contact widi the 
roam vsiieret^ die di^iersion can enter and 
pass through die foam. 
In one presendy prefened coof^gQiatioik 

65 the pdyuiethane foam is sqiaxated at iittervals 



by retainers such as screens to mammht tiie 
int^ty of ^ape <rf the iwAyurediane foam 
layer. The foam layer can also be ooomiessed 
if desired. 

If dissolved gases are present in the hydct>- 70 
carbon or aqueous liquid, sufficient pressure is 
preferably maimained on the' system to keep 
such gases in solution. Odieiwis^ gas break- 
ing through die foam layer has a propensity 
to cause smaE liquid hydrocarbon dropiets to 75 
prematurely break from the layer. Sudi drop- 
lets of smaQ size are less dc^rMs m that 
separation into an liquid hydrocarbon f^^i^ 
aid an aqueous phase is less efficient. 

To s^iarate some diqietsions, it is (tftm 80 
hig^y desuaUe to emj^oy a poiyurediaie 
foam of 2 or mm types in layers. 

The f dlowing Esunples are inesented to 
more deariy and folly disdose die mven- 
rion, but should not be coasttaed as llim'ting ^5 
the inventioo in ariy maimer. 

Bxample 1. 
A dfepersion of wat^ in de<^hiHc liquid 
was pr^ared by icjecting 50 mflliliteis erf 5 
yreig^t pennt sodium ddoride brine into 90 
intake of a centrifugal pump which was con- 
tinuously circulating kerodne in a 5-gaIlon 
reservoir. A small amount of Tretdlte (Trade 
Mark) F — 46 surfactant (availaUe from 
Petrolite Corporation, St. Louis, Missouri) 95 
was added in producing the dispersion to pro* 
duoe a more stable di^)eralQn. Upon compieH 
tion of formation of the resulting dispersion, 
it was allowed to setde for 30 mirnitys. There- 
upoii, the water content of the water in deo- 100 
philic liquid di^iexaon was determmed to be 
1000 ppm. 

A flexibie) open-cell, polyurethane foam 
having a densi^ of U5 pounds per cubic 
foot and having a hi^ contem of edier link- 105 
ages in die pdyureAane polymer (obtamed 
frwn The Upjohn Company of Toxranc^ 
California)** was cut into cylinders 3i inches 
in diameter by 2 inches m diidmess. The 
cylinders were packed into an denoted cvi- 110 
inder of Ludte (Trade Mark) plastics havh^ 
an inside diameter of H inches and a height 
oi 16) indies to form a foam bed having a 
depdi of 11) mches. The long axis of the 
coalescer qdinder was verticaL The foam emr 115 
piorod m die bed we^eJied 593 grams. A 
perforated LcKate plastics disk supported die 
foam bed above a void space ctf 5 inches. An 
mlet was provided at the bottom of the coal- 
escer c^dinder and an outlet was provided at 120 
the tx^ of the coalesoer cylinder with a line 
leadit^; dierefrom to a water trap. 



**The polyuretfaaiie foam had a conqnessicm 
stt maximum of 10%, a tensile stiei^ of 
15 lbs/in.^ minimimi, an elongatioQ of 
180% minimimij and a resilience of 40% 

nil¥¥lt1tHlf|| 
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Water-kerosiDe di^)ersion piepaied as 
d&d was pumped tfannigfa die foam bed in 
the coalescer at a rate ^ about 40 ml per 
hour. This flow rate gave a xesidenoe time 
5 of about 30 nunntes in die foam bed. The 
effluent from tie ooalesoer was passed to a 
water trap and the water oonoentradon in 
the keroone downstream dseiefram was mea- 
sured after die foam bed had become sam- 

10 rated with the deoi^c liquid and coales- 
cence had bqgua 

Hie diq)ersion was at a temperatuxe of 
about 25** C The water concentration in the 
effluent downstream of the water trap was 

15 monitored over the period (A the run wherein 
39 liters of diqperaon were passed through 
the coalescer. The water concentration of tibe 
effluent ranged from 40 to 100 parts per 
millicm. This constituted a reduction of over 

20 90 percent of the water dispersed in the kero- 
sine by passage duoug^ the coalescer and die 
water s^arator. 

This E^mple demonstrates the process of 
this invention wherein water is cnalosoed from 

25 a dispersion cons^tii^ essentially of water in 
an deophilic liquid. 

£xan^>Ie 2. 
An eloiigated cyimdricd coalesoer fal»icat- 
ed of Ludte plastics having an internal di- 
30 ameter of 7.5 inches having a long axis in 
a vertical irfane, havhig an inlet at the bot- 



tom, having a bed depdi of 12 inches of the 
polyuiethane foam of Example 1, having a 
density of 155 pounds per aibic foot^ thane- 
above^ having a sqtaration reservoir above 35 
die pdyurethane foam bed, having an aqueous 
liquid inlet near the bottom (tf i& sepsuation 
reservoir, a water oudet in the centre of the 
reservoir and an oil oudet near the ti^ of 
the separation leservoir, was set iq>. 40 

In the South Ponca fkld of Oklahixna, 
associated with the production therefrom, is 
a dispersion of South Ponca exude oil (43*^ 
API gravity) in water having a temperature 
of 90** F and having an oil concentration 45 
ranging from about 100—200 paits per mil- 
lion therein. 

The oil in water di^)er»Qn of the Soudi 
Ponca field was passed to the coalescer and 
thence upward through the foam bed. After 50 
sufficient the disperaon had passed dirou^ 
the foam bed to saturate the pdyurethane 
foam with oil coalescence begun. Upward 
passage oi the dispersi<Ki was contimied to 
coalesce die oil and separate it from the 55 
aqueous jrfiase. The oil was drawn from the 
top oi the separation reservoir, and water 
was drawn from the center of the separation 
reservoir situated above the foam bed effea- 
ing separation into oil and water components. 60 

The following table presents data for the 
run wherein the oil was coalesced from the 
oil in water 



TABLE I 



Flow Rate, 
Banels/Day/Ft. ^ 
of Foam Surface 


Press. 
Drop 
Across 
The Bed 
AP, (psO 


Influent 
Oil Cone, 
(ppm) of 
Dispersion 


Effluent 
Oil Cone, 
(ppm) of 

Aqueous 

Phase 


Total Hrs. 
Operated 


229 


2.0 


116 


1.8 


1 


229 


2.0 


120 


1.8 


2 1/2 


229 


2.0 


174 


2.0 


3 1/2 


229 


2.0 


. 126 


1.5 


4 1/2 


229 


2.0 


113 


1.2 


5 


229 


2.0 


180 


1.3 


6 


229 


2.7 


* 


1.2 


6 3/4 


229 


* 


194 


1.3 


7 3/4 






* 


1.1 


8 3/4 


» 


4.0 


214 


2.4 


9 1/4 



Data not taken. 
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tbis mveabon. pdyuretiume foam of Example l,^d» we« 10 

Th- mn nf P^SSS? »np.«»i -™ fcpanued and retained by tetaiom. The fdi- 
TDe nm of Eianiile 2 was repeated except lo«rii« data were obtaind: 



Flow Rate, 
Bairels/Day/Ft. * 
of Foam Smf ace 


Press. 
Drop 
Across 
The Bed 
AP, (psO 


Inflaent 
Oil Gone. 

^pnO of 
Dispersion 


Effluent 
Oil Cone, 
^pm) of 
Aqueous 
Phase 


Total Hrs, 
Operated 


229 


2.0 


164 


11.4 


2 1/2 


235 


2.0 




11-2 


3 1/2 


262 


2.3 


* 


7.6 


4 1/2 


242 


2.3 


* 


4.8 


5 1/2 


252 


2.7 




4.9 


6 1/2 


271 


2,7 




4.6 


7 1/2 


235 


2.6 


142 


5-2 


8 1/2 


235 


3.0 


* 


5.2 


9 1/2 


262 


2.7 


* 


5.6 


10 1/2 


235 


17 


* 


5.2 


11 1/2 


229 


2.7 




7.0 


12 1/2 


* Data not taken. 



This Bxanqde again demousuates ooales- 
15 eenoe of crude oil firam a diqiersion com- 
pmed of crude oil in water. Tlioa^ the ef- 
fluent water is not quite as wdl purified as 
in Bxan^ 2, irety good coalescenoe and 
subsequent separation is in fact efifect^ 
20 Bxan^^ 4. 

The run of Example 2 was sqjeated excqpt 



that the foam bed <rf Exanqde 2 was replaced 
wiA two foam beds whidi were each 2 inches 
thK^ sq)arated and retailed in place by re- 
tainers. The foam used in the run of diis 
^mple was a 7.5 pound per cubic foot pdy- 
efter-tesed pdyurediane foam obtained fom 
The Upjohn Con^any. The foUowiiK data 



25 
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TABLE m 



Flow Kate, 
Bairels/Day/Ft. ' 
OI rOmn ouiiace 


Press. 
Drop 
Across 
The Bed 
iXr, ^psu 


Influent 
Oil Conci 
(ppm) of 
Dispersion 


Effluent 
Oil Cone, 
(ppm) of 
Aqueous 
Phase 


Total Hrs. 
Operated 


233 


3.4 


159 


4.0 


1 1/2 


229 


3.7 




4,9 


2 1/2 


229 


3.8 


♦ 


5.6 


3 1/2 


229 


4.2 


201.6 


13.8 


5 1/4 


229 


4.5 




2.9 


6 1/4 


229 


4.8 




2.9 


7 1/4 


* Data not taken. 



This Example again demonstrates sapeme 
ooalescenoe of crude oil from a crude dl m 
water dispersion according to ifae process of 
5 this invention. However, in dus case^ a dff- 
ferent density and grade of pdyurediane foam 
were empioji^ed. 

HiaiiipiB 5. 
The nm of Esan^le 2 was repeated eamepc 
10 diat the foam bed of Esani|^ 2 was rqdaced 



widi a foam bed comprismg an upper layer 
wfaicii was 2 indies tiudc of 1.55 p<rands per 
cubic inch polyedier-faased polyurethane foam 
and a lower layer of 1.55 pounds per cubic 
foot polyoher-based pdyuiethane foam which 
was 2 inches tiiick orighially but compressed 
by retainers to a thickness oS 1.25 inches. The 
layers of the foam bed were separated and 
retained in place by retainers. The fcdlowing 
results were obtained. 



15 



20 



Flow Rate, 
Barrels/Day/Ft. * 
of Foam Surface 



Press. 
Drop 
Across 
The Bed 
AP, (psi) 



TABLE IV 

Influent 
Oil Cone, 
(ppm) of 
Dispersion 



Effluent 
Oil Conc- 
(ppm) of 
Aqueous 
Phase 



Total Hrs. 
Operated 



229 

229 

229 

229 

229 

2^ 

235 

229 

229 

223 

253 

242 

223 



2.2 

2.2 

2.5 

2.2 

2.7 

2.7 

2.6 

2.7 

2.7 

2.7 

3.0 

3.3 

3.3 



204 

134 

■ ♦ 

* 

* 

134 



7.7 
12.0 
6.1 
5.8 
2.8 
2.6 
5.4 
3.8 
4.9 
3.8 
3.4 
3.2 
11.7 



1 

1 3/4 

2 3/4 

3 3/4 

4 1/2 

5 1/2 

6 1/2 
7 

8 

9 
10 
11 . 
12 



* Data not taken. 
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This Example again demonstrates the 
siq)erior coalescena and separation of crade oil 
bom a crude oil in water dispersion accoid- 
ing to the pxtxxss of this inventi(XL Differem 
oonditiaDs of opeiaticni are '^emffPstrBted- 



cobic foot.*** Also, the diq)eraon of petro- 
leum in water em^^oyed in Example 2 was 
r^laced wiA a di^seisioii cantprised of aboor 
100—200 parts per miUion of Grand Isle 
cnrfe oil from die CAGC Shore Terminal 
an Grand Me, Ldisiana, at a tsnqperature of 
about 75*F m 5 pcroem NaQ hriiK. The 
fcttamag data were obtained: 



The run of Examfde 2 was repeated except 
mat the bed of pdyurethane foam enqidoyed 
m Exampie 2 was replaced with a bed 3 J 
mcfaes deep of a polyester-based polyuiediane 
foam havmg a demity of 6.0 pounds per 



***The pQl^mrediane foam had a mayim^i m 
<»mpressi(m set of 10%, a minimum ten- 
sac strengA of 15 lbs/in.«, a nunimmn 
elongation of 150%, and a minimum re- 
silience of 20%. 



Flow Rate, 
Barrels/Day/Ft. * 
of Foam Surface 



TABLE V 
Influent Oil 
Cone. (ppnO of 
Dispersion 



Effluent Oil 
Cone, (ppm) of 
Aqueous Phase 



IS 



-70 



25 



40 



200 
200 
104 
83 



66 
124 
37 

28 



This Sample denumstrates coalesoaice 
aM subsequent separation of amnfaer crude 
oil from a dispersion coosisttng essentialh of 
crude oil m aqueous liquM. Effectiveness of 
•another type <rf permeable flexiUe pdyur- 
eftarofoam havmg anodser density is also 

"^fTOftUSUHtCd, 



Exanqje VU. 
The nm of Example 6 was repeated except 
that the bed of polyuredwne foam employed 
therein was rqpkoed with a bed 3.5 mcfaes 
diidc of a polyether-based polyureihane foam 
h^rag a density cf 7.5 pouwis per cubic foot 
The results obmtned are presented in the f d- 
lofwing table. 



Flow Rate, 
Banels/Day/Ft. * 
of Foam Surface 



TABLE VI 
Influent Oil 
Cone, ^pm) of 
Dispersion 



Effluent Oil 
Cone. (ppnO of 
Aqueous Phase 



300 
164 
47 



47 
114 
-200 



5 
4 



This Example further denuxBtcates die ef - 
fe^veness of anodier grade of poiyuiediarK 
foam. 



Exan^ile 8. 
The run of Example 6 was repeated cx- 
cq)tdiat die bed of pdymediane foam em- 
ployed therein was K^aoed widi a bed 3.5 
.mdies dud: of 2.0 pounds per cuImc foot 



30 



as 



polyester based polyurediane foam.*^ 4S 
Also, as noted m die foflowing table, die 
^fjsle crude ofl in water dispersion was 
ri^oed widi a dispersion of Somh Ponca 
Gnide oil m water in die latter part erf die 
nm. 50 

♦♦♦♦This polyester-based polyurediane foam 
had a 10% maximum compression set^ 
a 20 lbs/in.» minimum tensile strengdi, 
a 300% minimum elongation, and a 20% 
miniitinm resilience. 



8. 



8 



TABLE Vn 



Flow Rate, 
BaneLDay/Fl. ^ 


- — Influent Oil 
Cone, (ppm) of 
Disner<:ion 


Effluent Oil 

Cone, (ppm) of 
Aqueous Phase 


84 


78 


13.8 ' 






222 


10.6 








15.3 








6 7 








14,2 


•a 
b* 








U 




112 


7 A 
/ .O 


Isle 




120 


8.4 


C 




133 


10.3 






JIOO 


17.2 






242 


14.4 














349 


15 




300 


132 


11.2 1 


§ s 


282 


127 


29 J 


Misi 
Cha 
API 



This Esampie furttor demonstiates the use 
of flexible polyuzetfaaiie foams for die coal- 
escence of diversions of deopliilic liquid in 
5 aqueous liquiiL 

The nin of Example 2 was r^eated exo^ 
that the foam bed emplc;yed in Example 2 
was replaced with a bed of pdyester-based 



polyuietfaane foam havfi^ a commerdal desig- 10 
nation of Piesto-Foam 945, Imviog a depdi 
of 4 inches and a densi^ ci 4.5 pounds per 
cubic foot. This foam was obtained ftosn the 
Piest0 Manufacturing Compaxq^ Inc., 2 
Franldin Avenue, Bnx^yn, New Yoxk 11211. 15 
Data which were obtained are presenoed in 
liie fcdlowiiig table: 



Flow Rate* 
Barrels/Day/Ft. * 
of Foam Surface 


TABLE Vin 

Influent Oil 
Cone, (ppm) of 
Dispersion 


Effluent Oil 
Cone, (ppm) of 
Aqueous Phase 


111 


486 


10 


112 


387 


14.6 


112 


472 


15 


113 


240 


23 


112 


195 


15 


112 


267 


16 



1,418,806 



This exanq)Ie demonstrates the process of 
the ioveatioa with yet another cosnmeicial 
pdyiuediaiie foam. 

WHAT WE CLAIM IS:~ 
5 1. A imcess for sq>aratiiig the phases of 
a di^raon comprised of water and a liquid 
petroleum hydrocaxbou \dieiein the pnxxss 
comprises passing the diq>er^on without pie- 
viojis coatecenoe tfarou^ a coalescing ma- 

10 terial constimted by a kyer of a peimeable^ 
flexible foam of pdyuiethane which has pti^ 
viously been saturated with Ikpiid petndeum 
hydrocaxboa, at a rate of flow suffidemly 
low to effect a owlesrpnce of the diq)exsed 

15 phase^ and at a ptessure sufficient to sub- 
stantially maintam die liquid petroleum 1^- 
dxocaxbon of the diqierston in the liquid state, 
pennitting the thus coaksced di^ietaou to 
sq)arate mtxi a liquid petnribm hydrocarbcm 

20 l^ycr and a water layer, and wididrawii^ tibe 
sq)arate layen. 

2. A process as datmed in Qaim 1 whexe- 
in the said rate of flow is 50 to 1000 bands 
of the di^wision per square foot of die area 

25 of said foam layer per day; the pcnneaWe 
foam of polyumhane has a denaty of 0.8 



to 7,5 pounds per cubic foot; and the operat- 
ing temperature is 0° C to 100' C 

3. A process as daimed m Claim 1 or 
Qaim 2 \i1iereiD the dispersion is a dispemon 30 
of a liquid petroleum hydrocaxbon m water, 
wherein the liquid pemdeum hydnx^xbcm 
dispersed phase comprises a trace to one part 

by wd^t of liquid petrdcum hyditraxbon 
per 100 parts by weight of water, and where^- 35 
m a flow rate of 50 to 1,000 baitds of dis- 
persion per square foot of foam area per day 
is employed. 

4. A process as claimed in Qaim 3, wheie- 

in ibe liquid petrdeum hydrocaxbro is a crude 40 
oil, herein the diq)ersioii contains 50 to 
350 ppm of crude oil, and wherdn the depth 
of the polymethane foam layer is 3.5 to 12 
•-^*s, 

A process according to Qaim 1, sub- 45 
ty as herdnbefwe desoibed. 



For the Applicants:— 
F. J. CLEVELAND & CX)MPANY, 
Qjartered Patent Agents, 
Loncdn's Inn Quud)eis, 
40—43, Qianoeiy Lane, Landcu^ W.C2. 
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